SUMMARY
Access to the central venous system may be important during anaesthetic management of children undergoing major surgery or intensive care. The right internal jugular vein (RIJV) is commonly used because it offers a straight approach to the vena cava. The success rate for children is lower and the number of complications are higher than for adults due to the smaller size of the veins 1, 2 . Although various manoeuvres have been described to increase the size of the internal jugular veins (IJV), their efficacy has been limited or not demonstrated in infants and young children [3] [4] [5] [6] . Morita et al have described a novel 'skin-traction method' to increase the size of the IJV in adults 7 . However, there have been no previous studies of the efficacy of this technique in infants or children.
The aim of this study was to evaluate the effects of skin traction on the cross-sectional area (CSA) of the right IJV using ultrasound in anaesthetised infants and young children.
METHODS
After institutional ethics committee approval and obtaining parental informed consent, we studied 74 infants or young children aged between one month and six years, who were ASA physical status I or II and undergoing general anaesthesia for elective procedures. We assessed infants (one month to one year) and children (one to six years) separately. Patients with prematurity, congenital diseases, malformations or previous central venous access were excluded from the study. General anaesthesia was induced either through intravenous or inhalational routes, and after neuromuscular blockade with 0.5 mg/kg -1 of atracurium, mechanical ventilation was initiated (tidal volume of 10 ml/kg with no application of positive end-expiratory pressure). Anaesthesia was maintained with a mixture of air, oxygen and sevoflurane. Patients were positioned as they would be for cannulation of the right IJV. They were supine on a horizontal table with their heads rotated about 30 to 35 degrees to the left (measured by a protractor) and their shoulders were placed on a shallow pillow to provide moderate extension. The right IJV was imaged using a two-dimensional ultrasound (Sonos 4500 ® , Philips, Massachusetts, USA) with a 5 MHz surface transducer before (baseline) and after skin traction. After marking the presumed puncture site at the junction of the two heads of sternocleidomastoid muscle, the probe was applied perpendicular to the skin without pressure (to prevent right IJV compression and deformation). The IJV was identified by its anatomical location, compressibility and absence of arterial pulsation. All images were obtained at end-inspiration when the size of the RIJV was maximal. After freezing the image on the ultrasound screen, vein circumference was delineated by the electronic marker and CSA was calculated with the machine's inbuilt ellipse function. Each IJV CSA was measured three times and the mean was used for analysis. Skin traction was performed by stretching the marked puncture point of the skin with two pieces of 5 cm wide surgical tape (3M Durapore TM , 3M Health Care, USA) in cephalad and caudal directions. The long cephalad end of the tape was stuck to the edge of the table and the short caudal tape was stuck to the chest, crossing the ipsilateral nipple. This made several skin folds under the tape ( Figure 1 ) and allowed for sufficient skin traction to be maintained in both directions. All data were obtained by the same investigator with the same ultrasound device.
Statistical analysis was carried out by a statistical software package (SPSS 12.0 ® , SPSS, Chicago, USA). Student's t-test was used to compare the CSA of the IJV. A mean increase of 25% or more from baseline was considered clinically significant. Values are expressed as mean ± SD, %=relative increase in crosssectional area after skin traction method, *= P <0.05 compared with CSA before skin traction (baseline).
RESUlTS
Patient demographic data are summarised in Table 1 . Data are expressed as mean ± SD. There were 29 infants and 45 children enrolled in this study. Suitable images for analysis were obtained in all cases. no injury occurred due to skin traction. The mean baseline of IJV CSA was 0.37±0.17 cm 2 in the infants and 0.69±0.27 cm 2 in the children. Skin traction increased the IJV CSA by 39.9±29.6% in the infants and by 33.8±21.9% in the children (P <0.01, Figure 2 , Table 2 ).
DISCUSSIOn
In children, size is an important factor for successful cannulation of the IJV. It has been shown that there is a significant association between the diameter of the right IJV and the success rate of first pass cannulation 6 . Therefore, measures to maximise the size of the IJV should be undertaken before cannulation is attempted.
Morita et al 7 developed a novel 'skin traction method' in which the puncture point of the skin over the IJV was stretched upward with several pieces of surgical tape. They reported that this method significantly increased RIJV CSA by about 44.6% in healthy adult volunteers. In the present study, we simplified this method using only two pieces of surgical tape and applied it on paediatric patients. An increase of 25% or more in the CSA of RIJV is generally considered to be clinically significant in terms of facilitating venous cannulation in paediatric patients 4 . Our results showed that this modified skin traction method increased the CSA of RIJV by a mean of more than 25% in both infants and children.
The IJV is very compliant and prone to collapse by the pressure applied by the operator's fingers. The skin folds and the large head of paediatric patients can cause pressure on the vein when the child is inappropriately positioned. The observed effect on IJV CSA most likely resulted from traction on the vein with the upward lifting of the overlying skin. In addition, we noticed that size variation of the IJV during respiration was reduced to some extent by this method (data not shown). The IJV tends to expand in the inspiratory phase during mechanical ventilation, due to changes in intrathoracic pressure. In our study, we compared IJV CSA only at end inspiration at maximum size. nevertheless, it is possible that there was an increase in CSA by skin traction in the other respiratory phases.
Several manoeuvres used to increase the CSA of IJV and further facilitate cannulation have been evaluated in children Trendelenburg position has been used to distend IJV by increasing hydrostatic pressure in the jugular vessels 8, 9 . However, the effect of Trendelenburg position alone in increasing the CSA of IJV seems to be limited in young children, especially in those less than two years 3 . Verghese et al 4 investigated effects of Trendelenburg position, Valsalva manoeuvre and liver compression on RIJV CSA in infants and children. They reported that in infants the increase was clinically negligible, even with the combined use of three manoeuvres. In children, a significant increase of 25% in the RIJV CSA was attained by all manoeuvres in combination, or by the Valsalva manoeuvre alone. Botero et al 5 , in a study that measured the right IJV CSA in children six months to eight years of age, concluded that IJV size could be enlarged significantly with the application of a positive inspiratory pressure hold of 20 cmH 2 O, but not with Trendelenburg position. They did not divide the patients into age groups.
In infants, mean IJV CSA is known to be smaller than those in older patients and the success rate of IJV cannulation is also lower compared to older children 3, 10 . Our study demonstrates that skin traction could be an effective method to increase the CSA of RIJV in both infants and children. In children, it is possible to increase the CSA of IJV without the Valsalva manoeuvre or other enhancement manoeuvres such as liver compression. Skin traction is simple and easy to perform and requires no assistance.
The CSA of IJV can be different according to the degree of head rotation. In the current study, we rotated the head about 30 to 35 degrees to the contralateral side. The approach to the puncture site is difficult in the neutral position because of the relatively large head and short neck of paediatric patients. Overlap between the IJV and carotid artery increases once over 40 degrees of head rotation 11 . There are several limitations in this study. First, the investigators were not blinded. Second, the sequence of measurements and standardising the force of skin traction with surgical tape was difficult. Third, we only evaluated the effects of skin traction in the supine position in anaesthetised patients receiving positive pressure ventilation. The effect of skin traction on the CSA of the IJV may be different in patients in a different position and in those breathing spontaneously. We recognise that skin traction might reduce intravascular pressures and increase the risk of air embolism, especially in patients who are breathing spontaneously in the supine position. Therefore, Trendelenburg position and positive pressure ventilation are recommended. The skin traction can be relieved by pushing the skin on the chest cephalad if necessary. Finally, we did not examine the real success rate of IJV cannulation or complications using this method. Further studies are warranted to investigate the efficacy of this method in increasing the success rate of IJV cannulation and on the incidence of complications. Similarly, further studies are warranted on the effects of skin traction in other positions and in patients who are breathing spontaneously.
In conclusion, skin traction provides a clinically significant increase in the CSA of RIJV in both infants and children and is a simple manoeuvre. This method may facilitate IJV cannulation in paediatric patients.
